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abstract 

,  .  ,  .  niNREPl  is  an  important  operation  for  sustained  naval 

Underway  Replenishment  (L  MIL  )  P  operations,  it  is  necessary  to 

operations.  When  evaluating  Un  etna,  Th  main  sources  of  degradation 

consider  the  main  factors  that  reduce £  equipment  limits,  and  human 

identified  in  this  report  are:  ship-to-s  p  ’  method  for  generating 

factors.  This  report  examines  these  S°“'“  f  feria  sets  developed  represent 

U  of  the^hip  configuration  are  unknown.  The  effects  of  these 
assumptions  are  explained. 


RESUME 


Le  ravitaillement  a  la  mer  est  la  me?  iffaut  prendre  en  consideration  les 

revaluation  des  operations  de  rtayi^1!e,na'e"nduile  causes  principals  de  degradation 
facteursprincipaux  genant '  aPl'tude  ^  ^  i  nteraction  hydrodynamique  de  deux 

mentionnees  dans  le  rapport  sont  le^iva  f„  ^s  humains.  Le  rapport  examine  ces 
navires,  seuils  de  tolerance :  de de  criteres  servant  a 
causes  et  presente  une  meth  P  s£ries  de  crjteres  donn6es  en  exemple 

revaluation  de 1  ,effd)ents  atnects  Yu  ravitaillement  a  la  mer  et  utilisent  les  valeurs  de 

s'appliquent  aux  trois  different  asp  analvse  detaillee,  on  fait  certaines 

SSStoSS-™ ^dXalyseV  cas  ou  la  configuration  dcs  navires  ne  sera,,  pas  connue 
end&ail.  Us  effets  de  ces  suppositions  sont  expliques. 
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nor?EP  Connected  Replenishment 
KtA  ®efe"ce  Research  Establishment  Atlantic 
David  Taylor  Research  Center 
Fuelling  At  Sea 

General  Lateral  Force  Estimator 
Water  depth  (m) 

Water  depth  corresponding  to  I„p  i„  shallow  water  calculation 
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Lateral  Force  Estimator 
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Motion  Induced  Interruptions 
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Percent  Time  Operable 
Replenishment  at  Sea 
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Vertical  Launch  System 
Vertical  cargo  window 
X  coordinate  of  point  of  interest. 

"V  coordinate  of  point  of  interest. 

Lateral  relative  motion  between  ships. 

Initial  lateral  distance  between  sh,p  connect  points. 
Z  coordinate  of  point  of  interest. 

Vertical  relative  motion  between  ships 

S„^dis‘“ceb'tw“"sWp--‘p^ 

Response  in  i  direction 


deck 

high 

i 

R 

S 
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Super-/  sub-scripts 
Point  on  deck  edge. 

Point  on  highline  ..  v.  g  vaw 

1  surge;  2  sway;  3  heave;  4  roll;  5  pitch,  y 
UNREP  connection  point  on  receiving  P 
UNREP  connection  point  on  supp  )  5  ’P 
Coordinate  location  after  rotation. 


Coordinate  system:  x  along  hull 
positive  up  from  baseline. 


centerline,  positive  forward;  y  positrve  to  port; 
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1  introduction 

Underway  Replenishment  (UNREP)1  describes  the  t™«  r  1 1  , 

plies,  and  personnel  from  one  vessel  to  anoth  vi  ?  of  fuel>  munitions,  sup- 

Replenishment  is  conducted  “s  .  comb  n»H  7  Sh'PS  ^erway 

mettvXtEpT4  <C0NREP) ’  **** 

■S^XJSrjs'jsr trr  r  -• 

When  fuel  or  cargo  supplies  become  depletld  "  "  Ie,Ur"  POTt 

ularly  and  ate  panic 

sources  of  degradation  include  strong  wmT  drip  to  d^Td  t  m°“°nS  Possible 
course  keeping  difficulties  motion  c  l-  I  P  S^lp  hydrodynamic  interaction, 

report,  the  degrada.Ton  “u”7  a  e  ^"“d  I  “d  slipp^  «* 

lions,  equipment  factors,  or  human  Ltors  Thcf  T  ft  shlP'to'shiP  interac- 
due  to  the  motions  of  the  connect  Doints  «  f  r  °  Sh'P  re  ated  degradations  are 
equipment  factors  include  pallet  cont  1  7  '°n  orces>  and  ship  separation.  The 

The  human  factors  considered  ,  ’  Stnkedow"  "anes,  “d  cargo  touchdown, 

terruptions  (MII)fl,  ^ 

slide  or  stumble  GLFE  can  also  h  A  r  w  en  ship  motions  cause  personnel  to 
no  such  limits  are  pr^  at, able  “  3  C^le^i0,,  ^  ‘»°*gb 


2  SHIP-TO-SHIP  DEGRADATION 

-’,r  ™1T 

^Replenishment  at  Sea  Liquids  (RAS  LIQUIDS) 

Same  in  both  U.S.  and  Canadian  navies. 
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2  1  Relative  Motion 

Therelativernot.onb,tweenthes^ 

keep,n6  and  may  part 

lines  and  hoses  if  too  great,  or  cause  a  ships  is  given  by  Equations  1 

Thelm=anZed«Utiyemotron  e  ^  ^  of  the  d.fference 

and  2  from  Fang  and  Kim [4  ihe  two-ship  seakeeping  programs, 

between  the  points  no.  the  absolute  **»»  *  ^  m0VeSi  as  effects 

both  ships  move,  but  with  one-ship  seakeep.ng  p  6 
dne  to  the  other  ship  are  not  included. 

zr„  =  {v!  -  *sif  +  ysrS)  -  (■»?  -  x*,)" +  J",T?4 ' 
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Tli  =  SURGE  ti3  =  HEAVE  n5  =  PITCH 

r\2  =  SWAY  n4  =  ROLL  n6  =  YAW 


Figure  1:  Single  ship  coordinate  system. 

Yrel  =  ^  +  XsT> «  -  -  fa?  +  XM*  -  zxn*)  (2) 

.  IS  1  surge;  2  sway;  3  heave;  4  roll;  5  pitch  ;  6  yaw. 

he  forward  perpendicular  is  station  0,  and  the  aft  perpendicular  is  station  20. 
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(x.y.z) 


Figure  2:  Definition  of  points  and  lengths  for  ship-to-ship  mteractio 
landing  deck  locations ;8] . 

2  11  Cargo  Clearance 

distance  (tom  the  highlit.  to  the  landing  deck  edge,  ««  ^  between 

the  sh,PsEt:rd>rCa' *** 

7Actually  slope  of  highline  projection  on  y-z  plane 


4 


a  —  arctan 


Ztep  and  }  sep. 


'Z"P  -  z. 


'r  el 


Kep  +  yrel 


(3) 

The  highhne  position  is  found  using  Equation  4.  The  *  indicates  the  location 

a,  er,j°,a  1?n>  Cg'  r°^’  us*n8  semi-linear  equations  in  Appendix  A.  The  rotations 
should  be  done  using  the  transfer  functions,  rather  than  the  root  mean  square  (rms) 
values,  to  preserve  the  phase  relation  between  the  motions. 

zhigh  =  zr  +  (Vdeck  ~  Vr)  tan  a  (4) 

..  TT  The  fna!  window  1S  the  highline  position  minus  the  landing  deck  edge  posi¬ 
tion.  Using  the  semi-linearized  equations  from  Appendix  A,  the  window  height  W 
is  Equation  5.  °  ’  ’ 

w 

""  (ZR  ~~  zdeck){cos  r/s  cos  7/4  +  sin  Tj4  tan  a)  -f 
{vr  ~  ydeck){sni  rj4  —  cos  7/g  cos  7/4  tan  a)  + 

( xdeck  xR)(sin  t)$  -+  sin  t/q  tan  q) 

T ,  ,  .  ,  The  Carg°  he,ght  1S  the  distance  from  the  highline  to  the  bottom  of  the  pallet . 

1S,  lst‘ince  ls  grater  than  the  available  window  a  collision  will  occur.  A  typical 
cargo  height  is  2.7  m.  The  cargo  clearance  is  the  distance  between  the  bottom  of 
the  pallet  and  landing  deck  edge.  All  three  of  these  points,  highline,  pallet  bottom 
and  landing  deck  edge,  are  considered  to  be  on  the  same  ship.  The  relative  motion 

e  ween  two  points  on  the  same  ship  is  found  using  Equations  1  and  2  where  both 
points  are  on  the  the  same  ship. 

Operability  analysis  requires  a  statistical  expression  of  window  height  or 
cargo  clearance.  If  a  Rayliegh  distribution  of  extreme  values  is  assumed,  and  the 
maximum  amplitude  is  taken  to  be  equivalent  to  the  l/1000th  (largest)  amplitude 
then  the  rms  value  can  be  assumed  to  be  0.26904  times  the  maximum  value.  The 

significant  single  amplitude  value  is  simply  twice  the  rms  value,  or  0.53808  times  the 
maximum. 


2.1.2  Assumptions 

Rigorous  calculation  of  the  window  height  using  the  transfer  functions  may  not  be 

possible.  The  two  point  relative  motion  criteria  may  be  converted  to  other  limiting 
motions  by  various  assumptions. 
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The  highline  slope  can  be  assumed  constant  and  equal  to  its  static  value. 
Then  Equation  5  can  be  solved  for  a  combination  of  roll  and  pitch  angle  by  sett.n 
the  window  height  equal  to  the  catgo  height.  Equation  5  ts  also  greatly  s.mphSed M 
assuming  the  highline  slope  is  aero  near  the  receiving  sh,p  due  ‘o  line  sagjhts  is  a 
conservative  approach  and  requires  no  knowledge  of  the  supply  ship^  In  both  cases 
Equation  5  can  be  solved  in  terms  of  roll  only  by  assuming  pitch  and  yaw  are  small 

(cos  775  ~  COS7J6  Rs  1).  .  . 

Neither  a  swinging  load  nor  the  actual  catenary  of  the  highline  ts  taken  into 

account.  These  effects  would  tend  to  reduce  the  window  height,  though  o  an  e 
which  is  beyond  the  scope  of  the  model  presented  here. 


2.2  Lateral  Separation 


For  most  UNREP  evolutions,  the  ships  are  physically  connected  with  a  replenishment 
rig.  Many  different  rigs,  such  as  Burton,  housefall,  jackstay,  and  tensioned,  exist  and 
are  in  use[7|.  The  U.S.  Navy  and,  to  a  limited  extent,  the  Canadian  Na\\  use 
Standard  Tensioned  Replenishment  Alongside  Method  (STREAM)  rig  in  a  i  ion 

the  others  mentioned.  .  . 

The  specifications  for  UNREP  equipment  are  demanding,  being  empirically 

determined  as  fully  operable  through  Sea  State  five. 

tension  and  loading  requirements  as  applied  to  Navy  replenishment  rigs  have  been 
found  to  meet  those  specifications.  Nevertheless,  if  the  ships  drive  apart  and  the  rig 
fails  or  the  lines  part,  replenishment  cannot  occur.  Relative  lateral  sePd^ 
criterion  that  models  this  event.  Table  2  shows  the  upper  normal  lower  normai,  a 
derived  “optimum”  and  “near  maximum”  separation  distances  for  the  various  g  - 
The  large  distance  between  the  optimum  and  upper  normal  limits  suggest  the  Percen 
Time  Operable  (PTO)  drops  off  gradually. 

The  lateral  separation  required  between  the  two  ships  depends  °n  environ- 
mental  conditions,  size  of  ships  involved,  speed,  rigs  used,  and  water  depth.  Using 
the  guidelines  presented  in  ATP  16(B)[8j  the  following  procedure  for  determining 
separation  distance  and  relative  lateral  separation  is  presented.  This  procedure  is 
the  purposes  of  operability  analysis  and  should  not  be  used  operationally. 

1  The  distance  depends  on  the  rig  used.  Use  the  least  value  with  multiple  rigs 
The  distance  should  not  exceed  that  specified  for  non-tensioned  rigs  if  presen 
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Reference  S'Par“C'"  dls‘an“s  b«ed  on  rig  nnd  ship  type.  (Adapted  from 


TYr-tso  OF  RIG  I  DISTANCE 


Missile/Cargo 

STREAM 


Burton 
HousefalJ 
Mod  Housefal] 
Synthetic  Highline 
Fuel  STREAM 


Nontensioned 
Spanwire 
Fuel  Rig 


Closed-in  Fuel  R]g 


Upper 
Lower 
“Optimum” 

“near  maximum” 
Upper 
Lower 
“Optimum” 
near  maximum” 
Upper 
Lower 
“Optimum” 

“near  maximum” 
Upper 
Lower 
“Optimum” 
near  maximum” 
Upper 
jower 

“Optimum” 

‘near  maximum” 


Destroyers 
and  smaller 


Assume  the  op"umum  d'^"^  “P^rt“d  l0W”  ”ormal  '“its,  and 
I'mits.  ■  i“-  ,s  the  average  of  the  upper  and  lower 

3-  The  maximum  allowable  relative  Iafer=.i 

tween  the  average  and  upper  limits  This ^  ^^e,’  *S  the  difference  be- 
basis  by  assuming  a  onedn  .Wand  cW  ““  "  C0"Verted  *°  a  “apical 
for  rms,  0.53808  for  SSA).  When  usimr  a  °f.'!XC,eede'lce  (multiply  by  0.26904 
•ance  shou,d  be  ha,ved  ** 
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£<ep  =  0.500(jLj<mi  +  ^“p) 
Lrel  =  (^up  “  L,e^ 


(6) 

(7) 


d  L  are  modified  based  on  operational  considerations. 

These  value8  L.P  and  Lr.  ^ 

The  distance  should  be  near  tne 

1.  Ship  speed  is  15  knots  or  greater. 

2.  Ships  are  yawing  excessively.  when  the 

3.  Transfer  stat.ons  are  located  on  the  quarter  of  farge  sh.ps,  esp 
ship  alongside  is  a  smaller  unit. 


Jaep- 


For  these  cases  use  the  follow, ng  equal, on  for  L 

L,cp  =  (Li™  +  5L^'6 


(8) 


~  a  ep  > 

In  shallow  water,  depth  <  *£***%£  for 

as  water  depth  decreases!.^.  The  sepan ^  depth  corresponding  to  the  upper 

£2£  ** -  *  - for  the  shlps 

the  recommended  value  for  Hup  is 

. .  r  -  T—  (9) 


aep 


_ -  -  „  _  u,'a«;  arbitrary. 
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2.2.1  Assumptions 

lllLT  °f  a;.ingle  ship  seakeeping  code  requires  some  assumptions  to  allow  use  of 
kteral  separation  criteria.  In  this  case,  the  other  ship  as  assumed  to  have  no  oscaHatorv 

sTmolaf  ’  T  “  f°Trd  SPe6d  "  thC  °nIy  m0tl0n-  As  a  Equates  1  and  2 

is  thL  half  oALnlw1Zt  eqUf0nSTi°r  abSOlUtC  m0ti0n'  ThC  laterd  motion  limit 
to  th<=>  a  *•  *•  °^  1P  va  ue‘  ^1S  assumes  that  each  ship  contributes  equally 

to  the  relative  motion  between  them.  The  limit  could  also  reasonably  be  sX  by 

sindX  T  T  Underwater  Profile  area  ^tio.  As  mentioned  elsewhere  using  a 
gle  ship  seakeepang  code  agnores  any  interaction  effects  on  relative  motion. 

3  equipment  factors 

Equipment  factors  degrade  operability  by  limiting  cargo  movement  This  is  more  of 
a  proMen,  fa  the  receiving  shlp  than  the  supply  lp.  ®The  facZcons^dT^s 
are  Pa  e  control,  strikedown  cranes,  and  cargo  touchdown.  Table  3  gives  the 
ima  ang  motions  and  threshold  values  associated  with  typical  U.S.  Navy  equipment 

place  Lo°nofMllerrd,thl  Sliu“"  TS°  “  '°aded  °"  piJlets  and  “^handled  into 
in  V  ii  ?  j  tr°  Could  result  ln  crew  injury  and  cargo  damage  The  abilitv 

available  'palletT^  I  COntr°'  dTndS  "P°n  ‘yPe  °f  pallet  and  number  of  Personnel 
wTh  a ZL  I  1  n  '  $  are  T*"7  giVCn  as  the  «rea,esl  sl°P'  a<  which  slipping  begin 

unknown  dry  declts  should  be  assumed,  because  erroneously0  clarifying  ^iTifak 

clearances  See  T*hle  a  r  a  bA  !  the  Same  manner  as  window  and  cargo 

‘  or  dynamic  limits  for  various  pallets  used  in  the  USN  fleet. 

Systems  (VLS^WhT^^ aSS°dated  with  the  reloading  of  Vertical  Launch 

6  significant  amplitude  are  generally  accepted  as  the  limiting  values 
The  r  v  °  t°',chdown  describcs  placing  cargo  safely  on  the  deck  during  VERTREP 

Placeirr^ 

moving  with  respect  to  a  stationary  helicopter.  P  cons'dered 
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The  absolute  vertical  displacement  limits  the  same  vertical 

because  in  both  cases  something  is  eing  p  ace  landing  gear  to  absotb 

velocity  limit  for  helicopter  landing  models  “fl.mf,  for  UNREP 

the  landing,  and  is  used  here  o  mode  imp  ^  ^  ^  ^  fceans. 

depends  on  the  cargo;  obviously,  missiles  require  a 


Pallet  slipping 


VLS  strikedown 
Cargo  touchdown 


Abs.  vert,  displ 
Abs.  vert,  velocity 


1.43  m  SSA 
2.13  m/sec  SSA 


Table  4:  Dynamic  roll  and  pitch  limits  for  variou 
ence  [11]). 

TYPE 


dollies  and  handtrucks  (Refer- 


Missile  handling  dolly 

Handtruck  (missile7 
Handtrucks 

(container) 

Handpallet 
transporter 

Walkie  type  pallet 
truck  (battery) 

Generic _ _ _ _ _ , 

Note:  Limits  are  assumed  maximum  single  amplitude 
*  Limit  refers  to  100  percent  operable. 

}  Limit  refers  to  0  percent  operable. 


6°. 


COMMENT" 

Missile  or  equivalent  weight 
(Tartar  missile) 


1,000  kg  load. 

1,500  kg  load.  Unstable  at  8°. 
825  kg  load  unstable  at  17° 

Design  goal. 
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4  HUMAN  FACTORS 


Human  limitations  are  important  when  evaluating  UNREP  onP  . 

manpower  intensive.  Moving  heavy  cargo  \n»A  ■  g,  ^REP  °Perabihty  because  it  is 
at  peak  capability.  Any  stumbling  or  1  v  1S  angerous  and  crew  should  be 
‘human  factors’  criteria^ “a,'  TJ  and ^  ^  “Polities.  Traditional 

two  main  problems  with  these  criteria  are  the  lerat,ons  at  ‘he  pilot  house.  The 
cability  of  accelerations.  Most  of  the  ne  ^appropriate  location  and  the  appli- 

connect  points  to  help  disconnect  the  car  f"  W  ^  the  the  UNREP 

not  in  the  pilot  house.  Acceleration,  8°  ^  ^  hlshlme  and  moye  the  pallets 
ness  than  stumbling  or  loss  of  balanced  ^  aPPr°Pnate  to  assessing  motion  sick- 
factors  criteria  shouM  be  based  on  W  bd 2 ’T  h“™“ 

Crewmembers  workm*  a.  Toll  "  PerSOn"el  “  »•**«*• 

posed  weather  decks  are  subject  to  oerf  ,shment  statlons  which  are  located  on  ex¬ 
pand  green  water.  Motion  Induorflnt^^on^ir  ^  *  "J*  motlons> 

of  expected  stumbles  and/or  slides  in  a  riven  r  *  *  measure  of the  number 

Mil  are  used  to  account  for  people  facing  diff”16  !  ’,1—  lon8itudinM 

during  UNREP  evolutions.  Table  5  gives  an  ove^"  lre^tlons  and  moving  around 

of  human  factors  criteria.  Table  6  gives  the  MIlTnd  GLEE^T  ^  applicability 
various  risk  levels[12j.  and  ^UFE  values  associated  with 
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Table  6:  Risk  levels  associated  with  MH  and  OLFE  val 

 — — ; : I  nT  rr  (  C*  \  rm c 


"Risk  Level 

Mll/minT 

GLFE  (G)  rms 

Possible 

Probable 

Serious 

Severe 

Extreme 

0.10  i 

0.50 

1.44 

2.61 

4.00 

0.08 

0.10 

0.12 

0.14 

0.16 

. ,  .  (MSI1  and  Motion  Induced  Fatigue  (MIF)  nre 

Motion  Sickness  Incidence  (MSI)  and  (Ute  is  degraded  by  ship 

included  to  model  the  effect  of  the  sail  bitM,ion  effects  and  are  not  as  well 

* ^chTl  These  measures  do  not  mciua  Furthermore, 

understood  as^GLFE  or  Mil;  in  fact,  »  ^  duration  fJNREPa 

--  - — — *  - 

risk  level  be  used  when  picking  criteria  thresho 

5  CALCULATION  OF  OPERABILITY 

The  seakeeping  qualities  of  a  ship  Standard 

theory  motion  programs such  as  ^“odeH. ng  ship-to-ship  interaction  requires  a 

aszz  "  £'J£s  —  n. — ■  *  “  •“  ““-™“  - 

same  in  both  cases,  whereas  the  motion* s  ar  e ”  envitonme„tal  data  with  strip 

Work  by  McCreight  and  S  ahl[181  inco  rp  0perability  (PTO)  which  allows 

theory  motion  predictions  to  calculate  F >  locations.  The  accuracy  and 

relative  comparison  of  <>P?rlb,',ty  of  the  transfer  functions,  the  motion 

validity  of  the  PTOs  are  based  on  the  a^cu  y  The  pT0  is  the  sum  of 

criteria  sets,  and  wave  climatology  4  wheie  „one  0f  the  motion  Emits  are 

-  -  *■  -b“ °f  occurt£"ce 
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each  spectrum  for  which  thP  mmC  i-  • 

nich  the  motion  limits  are  exceeded 

;iioctr,a:  7kuut“  »p-b„lty  „sing 

eJocity,  and  acceleration;  relative  vertical  dU  t  ’  ab$olute  ver*ical  displacement 

o*r:  u  lral  Force  “fe  p  ‘Jr"1  a:d  vtcity;  absohte 

•*  nonht»t rPhtdcast 

Obviously  some  of  the  desir^  *  • 

runs  are  necessary  to  identify  non-hmltme  c'y  "  U"avai,abfc  with  SEP.  Multiple 

ff«^53a^s=asase 

6  DERIVation  of  criteria  sets 

degrade  with’rfspect  To 7“™  ln<1  14  What  rat'  operations 
'ermmtng  the  applicable  degrading  events  fo,  *enera,i"«  •  criteria  set  is  de- 

different  events  is  given  j„  Tables  *  £«  mtsston.  The  applicability  of  the 

f  the  enter, on  is  not  well  defined.  This“dl  sh^  ^T  Sh°“ld  be  identified,  even 
the  ass„mp„ons  affec(  (he  resuJ(s  w„l  show  what  has  been  considered  and  how 

rir;  set  w*^ 

trst  extraneous  degradation  sources  are  fib"  P,TOCess  ,s  one  of  successive  filtering 
fons,  and  finally  unavailable  cnteril  °U('  tha"  -dundant  limiting  Z 

Combined  UNRFP  j 

CONREP  F4QPPlying  this  methodol0gtagdt^thT/FAKS’  CritCna  Sets  are  easily 
OOA REP,  FAS,  and  VERTREP  criterk  sets  Combl^ion  of  the  individual 
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6.1  Speed-Heading  Weights 

Most  operability 

model  an  operational  proM' ^  >  the  heading  that  aUows  stabo*  ke^g  ^  ^ 

„d  a.  *»‘  •%£  t2» 

WJKS SfS^KiiW!!*'--5”' 

JS*WSA5---“ 

,  CONNECTED  REPLENISHMENT 

1  ■  hment  includes  the  transfer  of  personnel,  mum^  replenishment 

Connected  Replems  ^  general  replenishment  c^se_  whiie  operating  in 

tween  two  ships  an  receiving  ship  to  steer  parallel  tefms  o{  ship  han- 

requires  the  deliver!  a  There  is  little  margin  for  erro  than  one  ship 

close  proximity  to  one  another  The-  ^  ^  ^  which  are  less  t^n  - 1  P 

dlmg  and  coll .non  avo,  t  COM®. 

sSr.sss-sssKSSi— *— 

The  following  assumptions  wi 

!.  Only  missile/cargo  STREAM  rigs  used. 

2.  Walloe  type  pallet  track  on  wet  decks. 

3.  UNREP  at  speed  of  15  knots  in  deep  water. 
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4'  H,gl",ne  Si°Pe  ,S  “  -I  <,»al  to  initial  static  vaiue. 

Notional  connect  points  are  used  here-  a  rPal  ,  • 

Po„.  T„e  dMtroyer  has  lhlee 

TaW'  7_^;ecl  Replenishment  example  connects  locations. 

Destrnv^r  "  


Station 

o  r 

1  * 

J  Y  (m) 

tdeye 

Z  (m) 

Landi: 

.  Y  (m) 

ng  Deck  Edge 

Z  (m ) 

9.0 

17.0 

0.0 

5.6 

0.0 

18.3 

17.6 

17.6 

2.5 

8.0 

6.0 

_ _ _ V  / 

12.0 

12.1 

12.1 

stores  sJ 

Ctj.- 

up  '  4 

station 

O  r: 

Pac 

Y(m) 

leye 

Z  (m) 

banding  Deck  Edge  1 

Y  (m)  1  ZfnD 

Z.O  * 

5.0 

7.5  * 
10.0 

12.5  * 
15.0 

17.5 

*  Stations 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

9.1 

!  conn^n 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

23.0 

f  Pr]  \tr*  4  L 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5  1 

T2l 

12.1 

12.1 

12.1 

12.1 

12.1 

12.1 

nuts.  Separation  distances  are  found  in  Table  2  Th  1  ^  m0ti°n 

ng  the  size  of  the  ships  involved,  and  the  replenish™  ,  f  CWn  depends  <*  the 

distance  for  this  example,  54.8  m  is  the  ‘L 1  W  configuration.  The  separation 
and  smaller”  using  a  “missile/cargo  STREAM”  ^Th  “  f°r  “Dest™y™ 

is  chosen  because  the  speed  is  15  knots.  Equation  7  maximum”  distance 

be  statistical  expression  of  relative  lateral  moti  r  *  Vdue  °f  61  m  for  Lr*i 
single  amplitude,  or  0.26904  x  6.1  m  rZs  *  0.53808x6.1  m  significant 

and  Zrel  in  Equation^  are^eraplnding ^  8tatic  Value>  50 
the  beam  and  draft  of  both  ships.  §  d  ^'ep  rec*uires  the  knowledge  of 
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Connected  Replenishment  ex 


Table  8:  Separation  d, stances  and  highline  slopes  for 
ample-  _ . —  itt 


-  ihhe  " 

tance  between  the  ships,  L,ep,  d>  ,  ,  can  be  taken  from  the  water  > 

The  drafts  are  necessary  so  the  z-co« or  As$ume  the  draft  of  the  destroyer  is 

and  ITS “  l"  f 

gives  y.,p,  Z..p,  and  o  fo. •  *  cleMance  at  the  three  connect  po.nts  ^ 

“■ Me  ::::  *«*  ^  ^ 

limit  near  midships,  i he  IW  P 

at  the  different  stations.  the  Walkie  pallets.  A  glance  a 

Equipment  limits  show  up  as  sl»de  *  6  pallets  on  wet  decks. 

Tlble  4  reveals  that  there  is  no  defaed  hrm  for  ^  wet  deck  Hunt*  and 

™fos  case  multiply  ^e  — 

^Se^mpHtnde  (or  by  0.26904  to  convert  to  ms). 

both  ££££•  “d  their  1,m,t,n8  motlons  “d  thresh° 
values  are  given  in  Table  9.  dwlic»ted  so  this  is  the  final  criteria  set 

““ 

_ _ _ _ _  of  Wet/dry  ratios  for  other  cases. 

9p^cto^of0^8l67  is  average  of  ^et/ary 
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j>hip-to-ship  interaction 
Separation  distance 

r  (one  ship 

Uargo  clearance 


Equipment  factors 


Table  9:  Connected  Replenishment  criteria. 


Human  factors 
Stumbling 


decreased  roll  motion. 


rel.  lat.  motion 
abs.  lat.  motion 
2  pt.  rel.  vert.  mot. 
Station  2.5 
Stations  9  and  17 


Mil 
GLFE 
MSI 
Submergence 


~3T^ssT 

1-6  m  SSA 

1.9  m  SSA 
1-5  m  SSA 

_4-390SSA~ 

4  39°SSA 

0.5/min 
0  08  g  SSA 
20%  @  4  hr 
0.5/hr 


1.65  m  rms 
0.80  m  rms  ) 

1.85  m  rms 
0-75  rms 

2.2°rms 
2.2'rms 


0  04  g  rms 
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fuelling  at  sea 


Fuelling  at  Sea  (PAS)  is  similar  to  CONRFP  n  , 

but  only  fuel  is  transferred  during  FAS  Th!  d  ffi  ?  "  Conducled  at  the  same  time 

aud  crew  exposure  to  adverse  co„^,t„s  L/S,' handling 
cargo  clearance  do  not  become  an  issue  Present.  Equipment  factors  and 

to-ship  and  human  factors  degradations  are  a^V”  Ki  ^  "  transferred  Only  ship- 
often  conducted  concurrently  with  CONREP  ?The  ^  **  ^  1  ^  5‘  FAS  is 
used  in  the  following  specific  example.  Process  outlined  in  Section  6  is 

^♦1  Example 

will  be  made:  °'  "  f"®ate  b}'  a"  a,rcraft  “rrier.  The  following  assumptions 

1  0nl.v  f“el  STREAM  rigs  used. 
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2  UNREP  at  speed  of  10  knots  in  50  m  deep 

,  hele  a  ieal  analysis  would  use  the  actual  con- 
Example  connection  pmnts  ate  ^  ^  ^  has  three  pet  side, 

nection  points,  me  6 

Table  10:  Fuelling  a.  Sea  example  connection  locations. 


Frigate 

Station 

Padeye 

Y  (m)  1  Z  (m) 

Deck  I 

Y  (m)l 

Sdge 

Z  (m) 

91) 

1  17.0 

5.6 

o.o 

17.6 

17.6  ] 

8.0 

6.0 

12.1 

12.1 

Aircraft 

Station 

carrier 

Pld 
Y  (m) 

leye 

Z  (m) 

Deck  Edge  1 
Y  (nO  1  Z  (m) 

13.0 

15.0 

17.5 

18.3 

9.1 

9.1 

18.3 

23.0 

23.0 

21.3 

12.5 

12.5 

1.5. < 

12.2 

I  12.2 

1  •  T  kio  9  The  value  chosen 

Separation  distances  are  foun  m  Ta^  ^  jhmeIlt  configuration.  The 
the  rig,  the  size  of  the  ships  involve  calculated  using  the  shal low  wate 

separat  on  distance  for  this  example,  53.0  m  ,js  STREAM”  ng.  The 

Xtion,  Equation  9,  for  “^“^^tLi  depth  is  less  than  64  m.  L.„  is 
shallow  water  correction  is  used  beca  ^  ?  g  m  SSA  OI  0.26904  x  7.6  m  rms. 

7.6  m  and  the  threshol  va  ue  is  .  factors  limits  are  needed.  In  this  case,  t  e 

No  cargo  clearance  or  equipme  eHher  if  a  one  ship  code  is  used, 

point  locations  on  the  aircraft  carrier  ^  in  Table  11. 

The  limiting  events  with  their  t  res  o  d  so  thls  is  the  final  criteria  set 

None  of  the  limiting  responses  are  P  be  de)i„edj  two  padeye 

subject  to  operability  code  -  taint  ■  fetors  criteria  are  emulated  at  the 

points  and  two  deck  edge  points,  ^en 

landing  deck  edge  points. 
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-  Table  11;  Fuelling  at  Sea  criteria. 

-^P^shipTnt^acti^T - 

Sepa7a‘I°T;‘“aa~5^^ 

-^====JS^L^Li5Lj50‘io" 

Human  factors  - - 

Mil 
GLFE 
MSI 

Submergence 


Stumbling 


4TVssT 
21  m  SSA 


0.5/min 
0  08  g  SSA 
20%  @  4  hr 
0.5/hr 


2.05  m  rms 
105  m  rms) 


0  04  g  rms 


- - - u.o/  nr 

9  VERTICAL  REPLENISHMENT 

Vertical  Renl«.n;..i - - - 


Vertical  Replenishment  (VERTRFPii  i 

receiviX0rsh1dpVanVERT°REP  *  physical  “d  has 

FAs-  a  -  vERT™  r 

Since  VERTREP  h*r  y  re* 

ships,  this  study  assumes  thatTh '**1  T  ^  n0t  mainta>ned  aboard  the  rer  •  • 

t***  WTi successW,y  S  «ig 

to  °nl,y  reqUireS  that  the  helicopter  ret  JnTthel  ^  ““  StateS-  The  ^dijy 

or  lower  cargo  pallets.  In  this  case  the  h  apab)hty  to  hover  above  the  deck 
carried  out  at  the  helicopter  or  VERTRFP  ^  hUman  faCt°rs  c^culations  should  he 

» -i'E;;  “sir  ~“™r Jrs  H 

envelopes  for  VERTREP  exist  The  0ptimu®  and  non-optimum  relative  w^H 
and  15  to  30  knots;  see  Figure  3  The^  ImUm  envelope  is  ±30°  from  the  b  " 
bow  and  15  to  30  knots;  see  Figure  4  n°n'°Ptlmum  wind  envelope  is  ±90°  from  t hi 

ducting  VERTRFP  r^c^venon'°ptimum  envelope  gives  the  toi  I 

r-r? sawnr  vr£.-;h~ 
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180' 


ship  speed  in  knots.  20 


is  operable.  An- 
Radial  values  are 


18  0° 


0° 


Angles  L*rrmr  rektive  Wind  envel ope . 
...A  h,p  head,n«  Native  to  waves;  head 


are  ship  speed  in  knots. 


Shaded  region  is  operable 
seas  is  180°.  Radial  values 
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factors,  human  factors, 

and  relative  wind. 


VERTREP  with  the  following  assumptions; 


9.1  Example 

A  cruiser  is  undergoing 

1.  Only  VERTREP. 

2.  UN  REP  at  20  knots  and  all  headings  are  p 

3.  Missile  handling  dolly  on  dry  decks. 

.  relative  wind  envelope. 

4  re  .  „  in  Table  u.  These  points  are  used 

The  cruiser  VERTREP  stations  are  given  »  interaction  criteria 

helicopter  landing  criteria,  Table  3. 

Table  12;  Vertica^^^  **  CimS" 


f  Cruiser 
j  Station  | 

Y(m) 

"z(mn 

T5 

1  17.0 

ro.o  i 

[  0.0 

12.2  j 

10.7  J 

The  missile  dolly  limits 

rrSMOS11'1  0°269M^ for  m^he  roll  and  ^  K^t.“ v«tus 

Se°ar  dec8,:;  in  ^  T”' 

response  curve  is  modelled  calculate  the  threshold  value. 

-sr'jrsssw^-  — - 

helicopter  availability. 
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-s — - Table  13:  Vertical  Replenishment  criteria 

Equipment  factors  - ~ — 


Roll 

t  i  i  Pitch 

ouchdown  difficulty  Abs.  vert.  disp. 

—  Abs.  vert,  vel. 

Human  factors 


Stumbling 


u.  /  m  rms 

JiW^SSA  1.05  m /sec  rm. 


Mct  0.5/min 

20%  @  4  hr 

Submergence  0.5 /hr 


10  CONCLUSIONS 

fttrss  7  ret  ** 

dation.  The  degradation  sources  addressed  here  fall  SOUrces  of  degra- 

mteraction,  equipment  factors,  and  human  fart  ^nto  three  groups:  ship-to-ship 
motions  associated  with  the  degradation  ”  ^reshold  values  for  the  limiting 

by  examining  all  the  poss.ble  “U  «  « 

for  each.  Different  criteria  sets  are  given  for  CONREP  Ac  'T**  *hreshold  ™lue 
The  actual  criteria  set  „,J  ,  7  P'  FAS.  *"d  VERTREP. 

programs  avatlable.  If  a  criterion  faVot  cakukt  “d  ‘J*  S'akeepin8  and  operability 
how  attractive.  Using  a  seakeeping  program  that  1  a  T™*  be  Used’  no  ™“er 
changes  the  response  transfer  functions^  £ <££ •—ct.on 
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A  SEMI-LINEAR  ROTATIONS 

Rotations  in  the  y-z  plane  are  given  bv  the  foil  • 

angle  and  positive  to  starboard.  °Wlng  equations  where  <f>  is  the  roll 


y  z  sin  ()>  -f  y  cos  (/) 

2  =  ysin</>  + zcoscf) 


Rotations  in  the  z-x  plane  are 
angle  and  positive  bow  down. 


given  by  the  following  equations  where 


(10) 

(11) 

0  is  the  pitch 


Rotations  in  the  x-y  plane 
angle  and  positive  to  port. 


xw 
z “ 


z  sin  8  -f  x  cos  6 
sin  6  +  z  cos  6 


are  given  by  the  following  equations  where  ^  is  th, 


(12) 

(13) 

yaw 


y‘ 


1  Y  T  X  COS  Ip 


x  sin  t/’  +  y  cos  ^ 


(I4J 

(15) 


however,  the  fin^poXndepeods  onTheo  d°  d'mensi°"al  rotations- 

tja,  roll-pitch-yaw  is  no,  the  s^e  as  yaw^tj,  T'  ^  '°ta,iMS  “  ™d'.  » 
the  equations  makes  then,  independent  of  Ita,^  idTn™S  “d  ~ I'*-** 

result  in  lhe  rotale(J  disUnMb”e,Png  equal'to  the'  o"' '  '‘J""  equatio,,s  can  sometimes 
W'”g  “““  di“"  semi-linearized  ZZZ^Zj0  ^  ** 


Xm  ~  X  cos  ^  cos  e  ~  V  sin  ip  +  z  sin  0 
y  -  y  cos  ip  cos  <p  -f  x  sin  ip  -  z  sjn  ^ 

2  =  2  cos  0  cos  <t>  +  V  sin  4>  -  x  sin  0 


(16) 

(17) 

(18) 
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